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AS Unit 1: Basic Biochemistry and Cell Organisation 
 
Name: Date: 
 
Topic 1.5 Nucleic Acids and their functions – Page 4 
 
 
l.  The Genetic Code and Transcription 
 
  Completed 
1. Read pages 2-4 on transcription and watch the animations on the 

wikispace. 
 

2. Compete all the questions on pages 2-4  
3. Read and complete pages 5-7 on the Genetic Code  
4. Pages 8-14 contain extra reading and questions.  
5. Look at the relevant slides of the PowerPoint on the wikispace.  
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Transcription 
 
RNA and DNA are both types of the biochemical class of molecules known as nucleic acids. 
In eukaryotic cells DNA is a stationary molecule, it always remains in the nucleus and never 
travels into the cytoplasm. 
 
1.  Why do you think that DNA always remains inside the nucleus? 
 
 
 
 
RNA by contrast is a mobile molecule that is able to pass from the nucleus to the cytoplasm. 
 
DNA contains genetic information.  This information is in fact the information needed to make 
every protein that your body requires. 
 
2.  Name one very important group of proteins___________________________________ 
 
The information required to make a single polypeptide is coded for on a length of DNA known 
as a gene. 
 
3.  People often get confused over the terms polypeptide and protein.  Distinguish 

between these two terms: 
 
 
 
 
4.  Which component of a DNA molecule do you think contains the genetic information and 

why? 
 
 
 
 
Proteins are synthesized in the cytoplasm.  DNA is unable to travel into the cytoplasm.  RNA 
provides a means of copying the genetic information contained in the nucleus 
(transcription) and then taking this into the cytoplasm so that proteins can be synthesized 
(translation). 
 
Transcription describes the process of making a RNA copy of the information contained on the 
DNA molecule.   

 
1.  In what part of the cell will transcription take place? 
 
 
 
Students often get confused between the terms transcription and translation.  In North 
America you have to send a transcript of your grades when you move school.  This is a copy 
of your grades – use this to help remember that transcription is making a copy!!! 
 
 
 
 
 
There are three types of RNA molecule: 
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• mRNA this is used make a copy of the genetic code contained on the DNA molecule. 
(messenger RNA) 

• tRNA this is used to bring amino acids to the mRNA molecule so that a polypeptide can 
be built. 
(transfer RNA) 

• rRNA this is used for making ribosomes that are the sites for protein synthesis. 
(ribosomal RNA) 

 
2.  What type of RNA will be involved in transcription? 

 
 
One enzyme directly controls the process of transcription this is known as RNA 
polymerase.  RNA polymerase makes a strand of mRNA using one strand of the DNA 
molecule as a template strand (also referred to as a sense or reference strand in different 
texts).  The enzyme only transcribes a gene length of DNA at a time.  Once the mRNA 
molecule is complete it travels through a nuclear pore in the nuclear membrane. 
	
  
 
On the next page is a diagram illustrating transcription.  Study the diagram closely and note 
the following: 
 

• Chromosome 
• Free RNA nucleotides 
• Step 1 DNA helicase binds to the DNA strand causing it to unwind and unzip. 
• Step 2 RNA polymerase moves along the gene assembling complementary RNA 

nucleotides to form a continuous mRNA strand. 
• Step 3 mRNA strand peels away from the DNA strand and leaves through a nuclear 

pore. 
• DNA strand rewinds. 

 
Complete the questions at the bottom of the next diagram. 
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The Genetic Code 
DNA is the hereditary material responsible for all the characteristics of an organism and it 
controls all the activities of a cell.  It is able to do this as it carries information, which controls 
the synthesis of proteins.  An important class of proteins is enzymes that control all 
metabolic reactions.  Therefore, by controlling which proteins are made at a particular 
time in a particular type of cell, DNA is able to control all the characteristics of a cell. 
 
 
Proteins are made up from amino acids.  There are about 20 different amino acids commonly 
found in proteins.  The precise number and sequence of the amino acids makes up the 
primary structure of a polypeptide chain.  A functional protein consists of one or more 
polypeptide chains.   
 
DNA must therefore carry a message that determines the number, type and sequence of 
amino acids in a polypeptide. 
 
This code must be carried in the DNA molecule and the only part of the DNA molecule that 
can function as a message are the bases as their sequence can be varied.  The length of DNA, 
which codes for a polypeptide, is called a gene. 
 
The genetic code is a triplet code – three bases code for one amino acid.  A group of three 
bases is called a codon. 
Scientists worked out that three bases were needed to code for one amino acid using the 
following logic: 

• They knew that the body needed to make 20 different amino acids in order to make all 
the proteins that the body requires. 

 
• If only one base coded for each amino acid only 41 = 4 amino acids would be coded 

for. 
 

• If only two bases coded for each amino acid only 42= 16 amino acids would be coded 
for. 

 
• If three bases coded for each amino acid then 43 = 64 amino acids could be coded for 

therefore it was concluded that three bases are necessary. 
 
 
Using the table on the next page give the codons which code for the following amino acids: 
 
Alanine (Ala)________________________________________________________________ 
 
Glutamine (Glu)_____________________________________________________________ 
 
What do the following codons code for: 
 
UGA / UGG _________________________________________________________________ 
 
These codons do not code for an amino acid and they act as signals to terminate the 
synthesis of the polypeptide chain and are known as stop / termination codons.   
 
The codon AUG which codes for the amino acid methionine usually acts as a start codon and 
acts as a signal to start synthesis of a polypeptide chain. 
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The genetic code refers to the way in which information about the sequence of 
amino acids that make up a protein is coded for by the bases on a molecule of 
mRNA. 
 
Read	
  second	
  
letter	
  here	
  

	
  

Read	
  first	
  
letter	
  here	
  

Second	
  Letter	
   Read	
  third	
  
letter	
  here	
  

U	
   C	
   A	
   G	
  

Fi
rs
t	
  L
et
te
r	
  

U	
  

UUU	
   Phe	
   UCU	
   Ser	
   UAU	
   Tyr	
   UGU	
   Cys	
   U	
  

C	
  

A	
  
G	
  

Third	
  Letter	
  

UUC	
   Phe	
   UCC	
   Ser	
   UAC	
   Tyr	
   UGC	
   Cys	
  

UUA	
   Leu	
   UCA	
   Ser	
   UAA	
   STOP	
   UGA	
   STOP	
  

UUG	
   Leu	
   UCG	
   Ser	
   UAG	
   STOP	
   UGG	
   Try	
  

C	
  

CUU	
   Leu	
   CCU	
   Pro	
   CAU	
   His	
   CGU	
   Arg	
   U	
  

C	
  

A	
  
G	
  

CUC	
   Leu	
   CCC	
   Pro	
   CAC	
   His	
   CGC	
   Arg	
  

CUA	
   Leu	
   CCA	
   Pro	
   CAA	
   Gln	
   CGA	
   Arg	
  

CUG	
   Leu	
   CCG	
   Pro	
   CAG	
   Gln	
   CGG	
   Arg	
  

A	
  

AUU	
   Iso	
   ACU	
   Thr	
   AAU	
   Asn	
   AGU	
   Ser	
   U	
  

C	
  
A	
  

G	
  

AUC	
   Iso	
   ACC	
   Thr	
   AAC	
   Asn	
   AGC	
   Ser	
  

AUA	
   Iso	
   ACA	
   Thr	
   AAA	
   Lys	
   AGA	
   Arg	
  

AUG	
   Met	
   ACG	
   Thr	
   AAG	
   Lys	
   AGG	
   Arg	
  

G	
  

GUU	
   Val	
   GCU	
   Ala	
   GAU	
   Asp	
   GGU	
   Gly	
   U	
  

C	
  
A	
  

G	
  

GUC	
   Val	
   GCC	
   Ala	
   GAC	
   Asp	
   GGC	
   Gly	
  

GUA	
   Val	
   GCA	
   Ala	
   GAA	
   Glu	
   GGA	
   Gly	
  

GUG	
   Val	
   GCG	
   Ala	
   GAG	
   Glu	
   GGG	
   Gly	
  

 
 
You will notice that most amino acids have more than one codon coding for that amino acid.  
This feature where more that one codon codes for each amino acid is known as degeneracy. 
 
Can you think of an advantage of having a degenerate code? 
 
 
 
 
 
 
The genetic code is also described as being universal.  This means that the same codon 
codes for the same amino acid in all living organisms.  This principle has been exploited in 
genetic engineering where genes have been transferred from one organism to another. 
 
The genetic code is also described as being a non-overlapping code, each set of three bases 
codes for a separate amino acid in the polypeptide chain. There is no overlap in the coding 
sequence in all-living organisms (it has recently been discovered that some viruses have 
overlapping codes). 
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Extra Questions 
 
1. 
The table below lists the DNA triplets that code for five different amino acids. 
 

DNA triplet Amino acid 
ATG Tyrosine 
TAC Methionine 
CCT Glycine 
TCG Serine 
CGT Alanine 

 
a. Write down the amino acid sequence coded for by a piece of mRNA with the 

following base sequence: 

 
 A U G A G C G C A G C A U A C G G A 
 
 
 

 
 
b. A gene mutation resulted in the final mRNA codon changing from GGA to GCA.  

Name the amino acid coded for by the mutated codon. 

 
 

 
c. Explain how all the possible codons (64) are used in protein synthesis even 

though there are only twenty amino acids. 

 
 
 
2. 
 
The sequence below comes from a strand of mRNA. 

 U A C C G A C C U U A A 

 a. How many codons are shown in this section of mRNA? [1] 

 b. What is specified by the sequence of codons in a mRNA molecule? [1] 

c. Write the complimentary sequence that a tRNA molecule would carry for the first 

mRNA codon above. [1] 

d. Describe the role of tRNA molecules in protein synthesis.  [1] 
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3. 

Imagine that on a planet in a distant galaxy, evolution has resulted in organisms which 
share the same basic biochemistry as humans.  However, the organisms have proteins 
built out of 30 rather than 20 amino acids and they have 8 rather than 4 different 
bases in their DNA. 

 

In theory for these extra-galactic organisms, what would be 

 

a. The minimum number of bases per DNA codon?   [2] 

b. The minimum number of kinds of tRNA.   [2] 

c. The maximum number of kinds of tRNA assuming that two codons are stop 
codons and that codons consist of the minimum number of bases. [2] 
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